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Design
The SIM-W is a synth primarily designed to simulate the sound of a Tin Whistle (AKA Penny Whistle, Flageolet etc.). I made this in response to a request which got me interested in the challenge, and led to a lot of interesting investigation into this and other flute types. You’ll find background info in the download.
My “SIM” series of synths follows a common philosophy, namely to only use synthesiser techniques and no samples. Apart from me loving a challenge, the upside is having control over many parameters to shape the sound as you wish, which is generally not possible with huge sample sets. Of course the synth is free too, whereas sample sets, of necessity, involve a huge amount of work to accurately capture a whole range of sounds, not to mention articulations provided by professional musicians. That costs a lot of time and money, so good sample sets can never be free I guess.
The downside to synthesis is that authenticity to the modelled instrument will rarely be as convincing as real instrument samples, so you balance authenticity and cost with flexibility. I suspect that in a mix with other instruments, the authenticity becomes a little less critical.
While I was developing the model I found it could produce a wider range of flute and woodwind sounds than just a tin whistle, so that’s another benefit.

I’ll go into much more technical detail in the text that follows, as well as covering what everything does.



Overview
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At the top you’ll see the preset manager where you can also enter your own comments.
The big panel below that is for the whole sound generation system and is divided into 4 rows, each row having a specific role to play.
Below that is a row of effects; 2 flexible delays and a reverb whose engine was made by Martin Vicanek (as were much of the important modules inside the synth).
Bottom left is the GENERAL panel for tuning the whole instrument and to the right, alongside the main volume control, is my usual recorder for capturing sounds and short clips (as WAVs) for use elsewhere.



Preset manager
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I’ve provided several presets to illustrate the potential range of sounds, but these should be thought of as starting points to make it easier to shape the sound you have in mind.
On the left side is the small section where you select the preset either by clicking on the preset name or paging though them using the arrow buttons.
The MENU selector is where you operate on presets or banks. You can save, load, copy or paste presets, or save and load a bank from this menu.
All changes made to any settings will be stored with the DAW song file unless the button UNLOCKED is changed to LOCKED. This locking feature is to avoid losing settings if you just want to mess with editing but want to keep the original parameters. Of course the factory presets are baked into the code but to get one back you may otherwise have to reload it or use the DAW to return to factory defaults (which returns ALL of them in Reaper).
The RENAME button allows you to name or rename a preset providing the preset manager is UNLOCKED. Otherwise the RENAME button is greyed out.
On the right side is a free text area for adding comments to the preset. These comments are saved with the song and preset providing the preset manager is UNLOCKED. Please be aware that you shouldn’t use a carriage return (Enter) in this text because the system won’t store any text after that. Also please be aware that when you RENAME a preset this text will clear, so if you want to keep it and just rename the preset, highlight it and copy then paste back in after you’re renamed.



Main panel
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The panel is divided into rows as follows:
AIR: The sound of the air flow through the pipe is modelled using a tuned comb filter.
TONE: The pitched part of the sound uses an additive synthesiser which can be mixed with the pipe AIR sound and further modified with a COLOURATION system.
TUNING: The instrument can be micro-tuned on a per-note name basis, with the possibility of stretch tuning above a pitch break-point.
EXTRAS is a row of 4 articulation systems. These were designed with the idea of simulating typical Irish Tin Whistle playing techniques but can be used with other instrument types, depending on the desired sound.

I’ll now go into more detail about the 4 different rows…


AIR
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I decided to use a comb filter to model the sound of the turbulence in the pipe. This is very similar to a Karplus-Strong system and is excited by tuned white noise. The comb filter’s frequency is pitched to the notes played and on its own can be made to sound breathy, as per the Pan pipes preset.
The FLUCT. knob controls the amount of modulation passing to various parameters in the synth to simulate the effect of variations in turbulence found in a whistle. If you listen to a sustained sample of a real instrument you’ll hear that aspects of the sound are unsteady to some degree. On short staccato notes it won’t be apparent.
There are 2 controls available that affect the timbre of the air sound: RES and COMB. RES controls the overall resonance of the pipe while COMB controls the height of the peaks and troughs in the filter’s frequency response curves. It’s best to play with these to get a feeling for what they do and their different effects on the sound.

TONE
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F1 to F6 set the level in dB of the first 6 partials (harmonics) in an additive synth. The settings have a profound effect on the timbre. I chose 6 partials based on spectrograms of real tin whistles because in reality the lower notes on a tin whistle have virtually no energy above F5, and this seems to apply to other flutes. The additive approach was chosen after auditioning many different techniques and I felt it gave the best results.
The switch showing BLOWN can be changed to TONGUED and these describe the 2 methods of starting and stopping a note, so have an effect on the sound produced. BLOWN is when the player starts and stops air more slowly using the diaphragm and TONGUED is when the player uses a more plosive technique to start the sound and opens the mouth to stop it. BLOWN causes a slight pitch envelope on the sound with a longer attack and decay. In practice a player can choose to play individual notes using either method. In the case of the SIM-W it would be necessary to add automation for the switch after making a recording. I would suggest recording with TONGUED selected then post-process for BLOWN.
There are 2 embedded envelope generators. I’ve tuned these to track the keyboard in a way relevant to a tin whistle and decided against providing user control since the synth design is highly targeted. One envelope controls the overall amplitude and the other controls the sum of the partials above the fundamental, so that’s from F2 to F6. The “harmonic envelope” models the fact that the fundamental comes in before the harmonics and dies away later than the higher harmonics. It’s a subtle but important part of the model and took some considerable time to optimise the settings.
The AIR/TONE MIX knob sets the balance between the air sound and the tone sound. The ENV knob next to it modulates this mix and the envelope used is the one that controls the upper harmonics. This ENV knob can provide a “chiff” sound at the start of a note, as the sound changes from Air to tone. The envelope adds to the MIX knob’s setting, so when the MIX is at maximum tone, no chiff will be heard. In this way the 2 knobs interact to give a wide range of attack sound.
On the right is the COLOURATION section. When turned on it can add peaks and troughs to the frequency response curve, so different notes have different timbres. It’s actually a static comb filter where you can set the base frequency and resonance. The MIX knob sets the balance between the comb filtered sound and the dry sound. 



TUNING
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Some flutes are tuned to scales other than equal temperament so the knobs from C to B can be used to micro-tune the scale for 1 octave. This tuning is then applied to a full 5 octave range. The RESET button will return all the knobs to the default Equal Temperament tuning. I provided a couple of presets, one for Just intonation and another for Hanumatodi scales. The readouts above the knobs are the frequency ratios to C, so for Just intonation to sound correctly you should play in C but you can transpose into any key you like on the GENERAL panel.
The Tin Whistle, like many similar flutes, has a range of nearly one octave. The higher octave(s) are reached by blowing harder to give a faster air stream. Due to the physics involved, the pitches produced are slightly sharper the higher the notes are above the octave break point. The NOTE knob sets this break point and the SHARPEN knob sets the amount of sharpening above the break point. At maximum this will be nearly a semitone over 2 octaves above the break point. When notes are played above the break point the harmonic balance and overall volume are also influenced, as in a real instrument. I set this up by ear and it took some time to optimise!

EXTRAS
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The EXTRAS row should really be called Articulation but the label didn’t look good on the GUI! These options are provided for lesser skilled players (like me) to make the performance sound a bit more convincing.
When OVERBLOW is turned on you can set the random CHANCE of producing an intermediate sound. This is when the air flow is a little too high for the desired pitch and a 5th will sound briefly. When the sound is created its duration will be set randomly. A professional Tin whistle player will almost never produce this sound. However some transverse flutes (blown across a hole rather than into a fipple) are very difficult to get a note so there is more likelihood of hearing such a sound. Examples are Shakuachi and Ney flutes.
AUTO ORNAMENTS allow musical ornaments to be added to a performance. Tin whistle players argue that the term “ornaments” isn’t correct and prefer the work “articulation”, since it’s considered to be an important part of Irish and Celtic music and not just fancy decoration.
The idea is that when you play a note above the velocity threshold set on the THRESH. knob an ornament will be generated. You can set the speed of the played ornament with the SPEED knob. It sounds best when set fast for fast music and slower for airs and slower music.
When a note is played above the threshold velocity an ornament is chosen randomly from the range of available ornaments set on the VARIETY knob. So if this is set to 2 it will be one of the first 2 which plays. As you increase the VARIETY the range of ornaments get more complex and less frequently used. Here is a list of the ornaments available:
1 Cut
2 Tap
3 Short roll
4 Cran
5 Long roll
6 Long Cran



GLIDE
Portamento is frequently heard in slower paced Irish music. This is achieved on a Tin Whistle by gradually sliding a finger to one side of a hole.
On this synth a glide is started by playing Legato and with a velocity below the threshold set. So if you overlap 2 notes, and play the second one softly, the pitch will slide. Sliding up to the next note is far more common in Irish music than sliding down to the next note.
The GLIDE RATE affects the time taken to slide from one note the next, but this is also dependent on the mode selected:
· STATIC simply provides a glide for every note played Legato.
· VEL TO GLIDE takes into account the velocity of the next note when played Legato, and this sets the glide time above the set value (which is then a minimum time).
· LOW VEL GLIDE will provide the glide time set when the velocity is below the set threshold. This is the only mode where a threshold can be set.
The glide time can also be freely set with any CC number, so a controller can be used to more accurately control glide when playing. For example, an electronic wind instrument typically outputs Portamento time on CC#5 as shown. The little knob to the right of the number entry box sets the range of glide time which is added to the set time.



The final section, on the right, is concerned with vibrato. Vibrato is bought in by 2 methods: when the Modwheel or the Aftertouch go above about one third of the range. The last one touched takes control automatically. 
In real playing I noted that vibrato is either present or not, so the control is not proportional like it can be for a singer or violinist etc.
The LFO sets the nominal rate of vibrato and this varies slightly over time, to simulate real vibrato and to reduce the “mechanical” sound. Too regular is not so realistic. The VIBRATO knob sets the depth.
There are 2 Vibrato modes: BLOWN and FINGURED. BLOWN simulates so-called diaphragm vibrato where a skilled player will modulate the blowing force. In this mode the waveform is smoother and there’s also an influence on the harmonics sounding for the higher breath peak. FINGURED is when the player flutters a finger over an adjacent hole, so the pitch change has a more stepped sound and there’s little influence on the timbre. 
General tip: It may be a good idea to record the basic tune and add ornamentation later on in the DAW.

GENERAL
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Here you can set the overall tuning of the instrument and transpose for any scale to match the desired key. If you know the tuning of an instrument to accompany, the A=440.0 Hz readout might be useful.
PITCHBEND 2 is the selector to set the range of the Pitch bend wheel in semitones. If you turn on CHROMATIC the pitch bend will be stepped in semitone intervals. This can actually be used to add ornamentation. 
As mentioned above, a glide is initiated when playing legato. But what if you want to start a note and bend up to it? This is where BEND FIRST may help avoid using the pitch bend wheel. When this is turned on, a new note (not legato) will create a bend up depending on velocity. In practice this is not so easy to actually play live, but if you record a piece you can always select when to bend up by editing the velocity parameter in your DAW.

EFFECTS
I provided 2 flexible delays and the excellent MVERB 7B reverb by Martin Vicanek, connected in series left to right. This simple arrangement allows a wide range of spaces for what are acoustic instruments. Of course you can leave them turned off and use your favourite effects external to the synth.
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There are 2 identical delays in series. The 3 buttons at the top provide a fast way to set the genre of the delay. They don’t stay lit, they just set local preset values and any changes to the values are stored in the preset.
The SPEED and AMOUNT knobs adjust the LFO’s influence on the delay time as a proportion of the set TIME. Delay feedback is set by the FBK knob. Underneath the FBK knob is a switch for setting the stereo routing. L-L R-R means no swap of channels and L-R R-L INV swaps left and right for the feedback routing and inverts one channel. This latter mode can make a nice wide sound for chorus and panning for echoes. The LEVEL knob adjusts the amount of delayed audio mixed in with the dry sound.
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This is the wonderful MVERB 7B reverb engine made by Martin Vicanek. TAIL adjusts the length of the decay tail and is the time it takes to drop to -60dB. DAMP introduces a reduction in high frequencies as the tail decays. WIDTH sets the stereo width of the reverb tail. MIX provides a balance between the dry and wet signals.

VOLUME and RECORDER
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The output VOLUME control has 2 meters which indicate approximate average peak levels for left and right channels. If you get even a very short clipping peak the central ring will turn red for 1 second.
The RECORDER allows you to record sounds or short clips and save them as a standard WAV file at 44.1 kHz 16 bit stereo for use in a sampler or DAW. 
First you set the time you might need, up to 10 seconds. Press the ARM button and it will light up. When you play a note the recorder will start and a bar will show the progress. If it’s good click on SAVE and save the wav file. If not, just repeat because the buffer is cleared. If you click on ARM by accident just click it again to cancel.
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